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PROBE WITH RADIALLY EXTENDABLE AND
RETRACTABLE DETECTOR ASSEMBLY FOR
INSPECTING INTERIOR WALLS OF HOLLOW
METALLIC PLUG

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention is directed to probes for inspecting the
interior walls of cavities in electrically conductive ob-
jects, more particularly to inspecting the interior walls
of hollow metallic plugs inserted in the tubes of heat
exchangers and having a cylindrical bore with a radially
expanded section and a narrower opening. Specifically,
it is directed to a probe with a radially extendable and
retractable eddy current detector assembly.

2. Background Information

Eddy current detectors, known in the art, are used to
inspect the tubes of heat exchangers, and in particular,
the tubes of nuclear steam generators. The eddy current
detector consists of a pancake-style eddy current coil
mounted 1n an inspection probe. The probe is inserted
Into a steam generator tube at the tube sheet, and gradu-
ally moved upward while being rotated inside the tube,
thus inspecting the integrity of the tube in a helical
pattern. The pancake coil is typically mounted in a
spring-loaded housing which is designed to allow the
- pancake coil to extend and swivel slightly to remain in
contact with the tube wall in out-of-round sections or
other none-uniform areas.

In addition to inspecting tubes, it has become neces-
sary to mspect ‘“‘roll plugs” installed in out-of-service
tubes to ensure the integrity of the plug. Roll plugs are
secured 1n the out of service tube by radially expanding
a section of the bore in the plug. This creates a “roll
zone” which 1s somewhat larger in diameter than the
remainder of the bore in the plug. This roll zone is
spaced from the opening in the roll plug. Consequently,
the eddy current detector used to inspect the roll plug
must be mounted in the housing which extends the
detector into this larger-diameter area to maintain
contact with the walls in the roll zone. A previous type
of probe incorporated an eddy current detector which
was simply spring-loaded, thereby insuring that the
detector would extend to the plug wall in the roll zone.
However, this probe was sometimes destroyed upon an
Insertion into a roll plug when the extended spring
loaded detector housing caught at the opening and was
torn out of the probe. An example of an eddy current
detector which is merely spring biased outward from a
probe 1s disclosed in U.S. Pat. No. 4,625,165. U.S. Pat.
No. 4,992,735 discloses a probe with an eddy current
detector mounted on the end of a leaf spring which is
retracted axially into a probe housing to protect the
detector while the probe is maneuvered past a retainer
ring in the plug. This device requires a special, sizable
end effector for a robot which performs the inspection.

There remains a need for an improved eddy current
detector probe for inspecting cavities in electrically
conductive objects with narrowed openings, and in
particular for inspecting roll plugs for steam generator
tubes.

‘There 1s a further need for such an improved probe
which retracts the eddy current detector within the
probe body for insertion and retraction of the probe, yet
biases the detector against the surface of the object to be
inspected when 1n use.
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There is a preferred need for a probe which automati-
cally extends and retracts the eddy current detector to
eliminate operator error in failing to retract the probe.

There is also a need for providing improved probes as
described above which can be used with standard eddy
current inspection systems and with minimum require-
ments for modifications to the inspection system.

SUMMARY OF THE INVENTION

The objects of the invention are to satisfy the above
needs and others. This is accomplished by a probe
which has a radial recess in which an eddy current
detector assembly is slidable, and actuating means for
selectively extending the eddy current detector assem-
bly radially outward from the radially extending recess
against the wall of the cavity in the object to be in-
spected with the elongated body inserted into the cav-
ity, and retracting the eddy current detector assembly
radially inward within the recess for inserting and re-
moving the elongated body through the narrowed
opening in the cavity.

In accordance with one embodiment of the invention,
mechanical means maintain the eddy current detector
assembly retracted within the radial recess in the probe
and automatically extend the detector into contact with
the wall of the cavity, such as the bore in a roll plug,
automatically upon insertion of the probe into the open-
ing. This mechanical means includes a pair of fingers
biased radially outward, and coupling means coupling
the mechanical fingers to the eddy current detector
assembly so that with the fingers extended, the detector
i1s retracted and when the fingers are depressed by inser-
tion into the opening in the roll tube, the detector is
extended. The coupling includes a pivot member en-
gaged by the fingers, and through a lost motion connec-
tion, by the eddy current detector assembly. A spring
biases the eddy current detector assembly radially out-
ward against the plug wall, but a stronger spring biases
the fingers radially outward to maintain the detector in
the retracted position.

The coupling between the finger members and the
eddy current detector assembly includes a pivot mem-
ber pivoted about a pivot axis transverse to the radial
recess in the elongated body. The lost motion connec-
tion 1s implemented by one end of the pivot member
which engages a slot in the carrier of the eddy current
detector assembly. The pivot member is also engaged
by inclined camming surfaces on stems of the finger
members which form a V which wedges against the
pivot member to rotate it when shoes on the finger
members are pressed inward by contact with the open-
ing 1n the roll tube. Both finger members must be de-
pressed simultaneously to extend the eddy current de-
tector assembly.

In another embodiment of the invention, the pivot
member 1s actuated by a linear actuator such as a sole-
notd. With the solenoid deenergized, the eddy current
detector assembly is retracted. The solenoid can be
wired to be energized with the rotating probe head so
that the eddy current detector is automatically extended
when the head begins to turn after insertion into the roil
tube.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the invention can be gained
from the following description of the preferred embodi-
ments when read in conjunction with the accompany-
ing drawings in which:
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FIG. 1 1s a vertical section through the tube sheet of
a nuclear steam generator showing a probe in accor-
dance with the invention in place to perform an inspec-
tion on a roll plug.

FIG. 2 1s a longitudinal sectional view through the

probe of FIG. 1.

F1G. 3 1s a fragmentary side view with parts broken
away of the probe of FIGS. 1 and 2.
FIG. 4 is a schematic view of finger members of the

probe of FIGS. 1-3 shown in a normal, eddy current
detector assembly stowed position.

FIG. 5 1s a schematic view of the finger members of

FIG. 4 shown in the actuated, eddy current detector
assembly operating position.

FIG. 6 is a longitudinal sectional view through a
probe in accordance with another embodiment of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is especially useful in inspect-
ing roll plugs installed in the tubes of a nuclear steam
generator. FIG. 1 illustrates a cross-section through a
portion of the tube sheet 1 of a nuclear stream genera-
tor. Thousands of heat exchanger tubes 3 are secured in
bores through the tube sheet 1. At times it is necessary
to plug tubes for various operational reasons. This is
accomplished by inserting a plug 5§ into the end of the
tube 3 to be sealed off. The plug has a blind cylindrical
bore 7 forming a cavity with an open end 9. The roll
plug 1s secured 1n the tube 3 by expanding radially out-
ward a portion of the plug wall to form a roll zone 11
which 1s greater in diameter than the remainder of the
bore 7. The roll plug has a stepped flange 13 at the open
end 9 for engagement by an end effector (not shown)
which 1nstalls the plug.

Periodically, the roll plugs 8§ are inspected to insure
plug integrity. Testing i1s typically conducted with an
eddy current probe. FIG. 1 illustrates a probe 15 in
accordance with a first embodiment of the invention
inserted into the bore § for performing such an inspec-
tion. The probe 15 includes an eddy current detector
assembly 17 which must be in contact with the wall of
the plug 5 1n order to generate accurate readings. How-
ever, as can be seen from FIG. 1, the opening 9 in the
roll plug is narrower than the roll zone 11. In accor-
dance with the invention, the eddy current detector
assembly 17 is biased outward to maintain contact with
the wall of the bore in the roll plug including the, roll
zone; however, it i1s retracted for insertion and removal
of the probe to prevent damage.

Turning to FIGS. 2 and 3, the probe 15 has an elon-
gated body 19 formed of two body halves 19¢ and 195.
The elongated body 19 has a radially extending recess
21 in which the eddy current detector assembly 17 is
radially slidable. The eddy current detector assembly
includes a housing 23 with a radial bore 25 in which the
detector unit 27 1s pivotally mounted by pins 29. The
detector unit 27 includes a pancake-type eddy current
coil 31 and a bias magnet 33 encased in ultra high mo-
lecular weight polyethylene. The housing 23, and hence
the detector unit 27, is biased radially outward in the
recess 21 by a helical compression spring 35.

The elongated body 19 has a longitudinal bore 37 in
the distal end 1n which a reference detector unit 39 and
a target 41 are mounted. A cylindrical front shaft piece
43 clamps the elongated body halves 194 and 195 to-
gether and 1s secured in place by a pair of roll pins 45.
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A multi-petal resilient centering head 47 is mounted on
the end of the front shaft 43 by a bushing 49 which in
turn is held in place by a round head screw 51 threaded
into the end of the front shaft 43.

A rear shaft 83 clamps the proximal ends of the body
halves 19¢ and 1956 and is also held in place by roll pins
45. A rear centering head 55 with multiple resilient
petals 1s mounted on the rear shaft 83 by a bushing 57.
A tubular housing 59 threaded onto the rear shaft 53
contains a male connector 61. Wires (not shown) lead
from the male connector 61 through the rear shaft 53
and through passages (not shown) in the elongated
body 19 to detector units 27 and 39. A C-nut 63 con-
nects the probe to a probe lead (not shown) which
provides electrical power to the detector units through
the male connector 61, and which rotates the probe as it
is fed into the tube plug so that the pancake coil scans
the entire surface of the bore in the roll plug in a helical
scanning pattern.

The eddy current detector assembly 17 is recipro-
cally extended and retracted in the radial recess 21 by
an actuator 67. This actuator 67 includes a pivot mem-
ber in the form of the rod 69 which is mounted in a
chamber 71 in the elongated body 19 by a pin 73 for
rotation about a pivot axis transverse to the direction of
movement of the eddy current assembly 17 in the radial
recess 21. The free end of the pivot rod 69 engages the
eddy current detector assembly 17 through a lost mo-
tion connection formed by a slot 75 in the housing 23 of
the eddy current detector assembly which is wider than
the free end of the rod.

The rod 69 is pivoted by a mechanical actuator 77
which includes a pair of diametrically opposed finger
members 79A and 79B. The finger members 79A and
79B have outwardly directed shoes 81A and 81B and
parallel adjacent stems 83A and 83B which overlap.
The finger members 79A and 79B are biased radially
outward by pairs of helical compression springs 85. Lips
87 on the shoes 81A and 81B engage shoulders on the
recesses 91 in the elongated body 19 in which the finger
members are mounted to limit extension of the shoes
81A and 81B. As best seen in FIGS. 4 and §, the stems
83A and 83B have opposed inclined camming surfaces
93 which form a V-shaped groove 95 in which the
pivoted rod 69 is seated. With the finger members 79A
and 79B extended outward by the springs 85, the in-
clined surfaces 93 on the stems 83A and 83B are drawn
in opposite directions to reduce the size of the V-shaped
groove 95 which rotates the pivoted rod 69 in the clock-
wise direction as shown in FIG. 2. This clockwise rota-
tion of the rod 69 results in retraction of the eddy cur-
rent detector assembly 17 in the radial recess 21 as the
four springs 85 are collectively stronger than the spring
35. Thus, with the finger members extended radially
outward, the eddy current detector assembly 17 is re-
tracted into the radial recess 21.

The outer surface 97 of the shoes 81A and 81B is
tapered in both axial directions to form camming sur-
faces which engage the bore of the roll plug to be in-
spected. It will be noticed that the radial recess 21 hous-
ing the eddy current detector assembly 17 is positioned
between the distal end of the probe and the finger mem-
bers 79A and 79B so that the eddy current detector
assembly remains retracted as the probe is inserted into
the roll plug to prevent damage thereto. The detector
assembly remains retracted until the probe is inserted
sufficiently that the shoes 81A and 81B, which extend
radially outward to a greater diameter than the bore in
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the roll plug, begin to enter the roll plug and are com-
pressed thereby. As the finger members are com-
pressed, camming surfaces 93 slide relative to one an-
other to increase the size of the V-shaped groove 95.
This permits the pivoted rod 69 to rotate counterclock-
wise, as seen in FIG. 2, as the spring 35 urges the eddy
current detector assembly 17 radially outward in the
recess 21. The lost motion connection formed by the
free end of the rod 69 and the slot 75 in the housing 23
is dimensioned such that the spring 35 can maintain the
eddy current detector assembly 17 in contact with the
interior wall of the roll plug even in the roll zone 11.
Upon retraction of the probe 15, the finger members
79A and 79B the opening 9 in the plug and are extended
radially by the springs 85 to retract the eddy current
detector assembly 17 before it emerges from the bore of
the roll plug. It should be noticed that finger members
T9A and 79B must be compressed simultaneously in
order to extend the eddy current detector assembly 17.

FIG. 6 illustrates another embodiment of the inven-
tion. Like parts with the embodiment of FIGS. 1-5 are
identified with the same reference characters. This
probe 13" includes the eddy current detector assembly
27 spring biased outward by a compression spring 35 in
a radial recess 21 1n a cylindrical elongated body 101. A
front shaft 103 integral with the body 101 supports a
multi-petal resilient centering head 47 mounted on the
end of the front shaft 103 by a bushing 49 which in turn
1s held in place by a round head screw 51 threaded into
the end of the front shaft 103.

A rear shaft 105, which is also integral with the elon-
gated body 101, supports a multi-petal rear centering
head 55 through bushing 107. A solenoid housing 109 is
secured to the rear shaft 105 by set screws 111 (only one
shown). The other end of the housing 109 is secured to
the tubular housing 89 by a roll pin 113.

The solenoid housing 109 has a cavity 115 enclosed
by covers 116 in which a solenoid 117 is mounted.
While not shown in FIG. 6, the electrical leads for the
solenoid 117 extend through the tubular housing 59 to
the male connector 61. As in the case of the first de-
scribed embodiment of the invention, the eddy current
detector assembly 27 is reciprocally extended and re-
tracted in the radial recess 21 by an actuator 67. In this
embodiment of the invention, the actuator 67 includes a
pivot member in the form of a T-shaped bell crank 119.
The one end of the cross bar 121 of the bell crank 119 is
mounted in a chamber 123 in the elongated body 101 by
a pin 125 for rotation about a pivot axis transverse to the
direction of movement of the eddy current assembly 27
in the radial recess 21. The other end of the cross bar
121 has a slot 127 through which the bell crank 119 is
connected by a pin 129 to the bifurcated tapered end of
a tubular push rod 131 which reciprocates in the bore of
the rear shaft 105. The tubular push rod 131 is recipro-
cated by a linear actuator in the form of the solenoid 117
which has 1ts actuating rod 133 connected to the tubular
push rod 131. While a solenoid is preferred as the linear
actuator, other devices such as, for instance, pneumatic
or hydraulic actuators could also be used. The stem 135
of the bell crank 119 engages the slot 75 to form a lost
motion connection between the bell crank and the eddy
current detector assembly 27.

With the solenoid 117 deenergized, the tubular push
rod 131 is retracted to rotate the bell crank 119 counter-
clockwise, as viewed in FIG. 6, to retract the eddy
current detector assembly 27 against the bias force gen-
erated by the spring 35. When the solenoid 117 is ener-
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gized, the actuating rod 133 is extended to push the
tubular push rod 131 to the left as seen in FIG. 6 and
rotate the bell crank 119 clockwise so that the spring 35
can bias the eddy current detector assembly 27 outward
against the inner wall of the steam generator tube or
plug to perform the inspection. As in the case of the
previously described probe 15, the probe 15’ includes a
reference detector assembly 39 mounted in a bore 137 in
the forward end of the housing 101. Preferably, the
solenoid 117 is wired for energization with the motor
(not shown) which rotates the probe once the probe is
inserted in the steam generator tube roll plug, so that
the eddy current detector assembly remains retracted
for insertion but is automatically extended when the
Inspection process is initiated with the probe in place
inside the tube or plug. As the motor drive is deener-
gized to stop rotation of the probe before withdrawal
from the tube plug, the eddy current detector assembly
1s automatically retracted to protect it from damage as
the probe is withdrawn. |

While specific embodiments of the invention have
been described in detail, it will be appreciated by those
skilled 1n the art that various modifications and alterna-
tives to those details could be developed in light of the
overall teachings of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be illus-
trative only and not limiting as to the scope of the in-
vention which i1s to be given the full breadth of the
appended claims and any and all equivalents thereof.

What 1s claimed is:

1. A probe for inspecting the interior walls of the
cavity within an electrically conductive object, even
when said cavity has an opening narrower in width than
said cavity, said probe comprising:

an elongated body insertable into aid cavity through

said opening and having a radially extending re-
cess;

an eddy current detector assembly slidable radially in

sald radially extending recess in said elongated
body; and

actuating means engaging said eddy current detector

assembly for selectively extending said eddy cur-
rent detector assembly radially outward from said
radially extending recess against the interior walls
of said cavity with said elongated body inserted
into said cavity and retracting said eddy current
detector assembly radially inward within said re-
cess during insertion into and removal of said elon-
gated body from said cavity through said opening.

2. The probe of claim 1 wherein said actuating means
comprises means automatically extending said eddy
current detector assembly with said radially extending
recess inside said cavity and automatically retracting
sald eddy current detector assembly before the radially
extending recess leaves said cavity as said elongated
body 1s removed from said cavity.

3. The probe of claim 1 wherein said actuating means
includes a pivot member pivoted for rotation about a
pivot axis transverse to said radially extending recess,
and an actuator selectively reciprocally rotating said
pivot member about said pivot axis, said pivot member
engaging said eddy current detector assembly to extend
and retract said eddy current detector assembly as said
pivot member is rotated by said actuator.

4. The probe of claim 3 wherein said actuating means
includes biasing spring means biasing said eddy current
detector assembly radially outward against said interior
wall of said cavity and wherein said pivot member en-
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gages said eddy current detector assembly through a
lost motion coupling.

5. The probe of claim 4 wherein said eddy current
detector assembly comprises a housing slidable in said
radially extending recess and an eddy current coil
mounted on said housing, and wherein said lost motion
coupling comprises a slot in said housing wider than
said pivot member.

6. The probe of claim § wherein said actuator com-
prises a solenoid.

7. The probe of claim § wherein said actuator com-
prises finger members radially extendable and retract-
able from said clongated body and engaging said pivot
member to pivot said pivot member to retract said eddy
current detector assembly when said fingers are ex-
tended and to extend said eddy current detector assem-
bly when said fingers are retracted, second spring
means stronger than said biasing spring extending said
finger members, and therefore retracting said eddy cur-
rent. detector assembly, said finger members being
mounted 1n said elongated body member in spaced rela-
tion to said radially extending recess such that said eddy
current detector assembly is within said cavity when
the finger members enter said opening and are retracted
by engagement with walls of the cavity to extend said
eddy current detector assembly against the walls of said
cavity.

8. A probe for 1nspect1ng ‘the interior walls of a hol-
low metallic plug having an open end and a cylindrical
bore with a radially expanded section spaced from said
open end, said probe comprising:

an elongated body insertable into said cylindrical

bore through said open end and having a radially
extending recess;

an eddy current detector assembly slidable radially in

sald radially extending recess; and

mechanical actuator means retracting said eddy cur-

rent detector assembly within said radially extend-
Ing recess In said elongated body and extending
said eddy current detector assembly from said radi-
ally extending recess into contact with said cylin-
drical bore upon insertion of said probe into said
cylindrical bore and contact of said bore by said
mechanical actuator means.

9. The probe of claim 8 wherein said mechanical
actuator means comprises finger members generally
radially extendable and retractable from said elongated
body member, coupling means coupling said finger
members to said eddy current detector assembly for
extending said eddy current detector assembly when
said finger members are in a retracted position and re-
tracting said eddy current detector assembly into said
radially extending recess when said finger members are
in an extended position, and biasing means biasing said
finger members to said extended position, said radially
extending recess being positioned on said elongated
body between a free end of said elongated body and said
finger members, so that said eddy current detector as-
sembly remains retracted in said radially extending re-
cess as said free end of said elongated body is inserted
into said cylindrical bore and until said finger members
biased to said extended position by said biasing means
engage said opening of said cylindrical bore.

10. The probe of claim 9 wherein said coupling means
comprises a pivot member pivoted for rotation about a
pivot axis transverse to said radially extending recess,
said finger members engaging said pivot member to
selectively reciprocally rotate said pivot member about
sald p1vot axis and said pivot member also engaging said
eddy current detector assembly to extend and retract
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said eddy current detector assembly as said pivot mem-
ber 1s rotated by said finger members.

11. The probe of claim 10 wherein said biasing means
comprises a first spring means biasing said current de-
tector assembly radially outward from said radially
extending recess, and second stronger spring means
biasing said finger members radially outward, and
wherein said pivot member engages said eddy current
detector assembly through a lost motion connection.

12. The probe of claim 10 wherein said eddy current
detector assembly comprises a housing slidable in said
radially extending recess and an eddy current coil
mounted on said housing, and wherein said lost motion
connection comprises a slot in said carrier wider than
sald pivot member.

13. The probe of claim 12 wherein said ﬁnger mem-
bers comprise a pair of diametrically opposed shoes and
stems connected to said shoes and reciprocally slidable
in oppostte directions in adjacent paths, said shoes hav-
ing confronting inclined surfaces forming a V in which
sald pivot member seats, said V converging to rotate
said pivot member as said stems slide in said opposite
directions upon retraction of said finger members
through contact with the open end of said cylindrical
bore. | |

14. A probe for inspecting the interior walls of a
hollow metallic plug having an open end and a cylindri-
cal bore with a radially expanded section spaced from
said open end, said probe comprising:

an elongated body insertable into said cylindrical

bore through said open end, and having a radially
extending recess;

an eddy current assembly slidable radially in said

radially extending recess; and

actuating means comprising a pivot member pivoted

for rotation about a pivot axis transverse to said
radially extending recess, and a linear actuator
supported by said elongated body and having an
actuating rod reciprocally movable axially within
said elongated body, said actuating rod connected
to said pivot member to selectively reciprocally
rotate said pivot member which couples to said
eddy current detector assembly to extend and re-
tract said eddy current detector assembly in said
radially extending recess.

15. The probe of claim 14 wherein said linear actuator
comprises an electrical solenoid.

16. The probe of claim 14 wherein said pivot member
couples to said eddy current detector assembly through
a lost motion connection, and including spring means
biasing said eddy current detector assembly radially
outward in said radially extending recess.

17. The probe of 16 wherein said lost motion connec-
tion comprises a slot in said eddy current detector as-
sembly wider than said pivot member.

18. The probe of claim 14 wherein said pivot member
1s pivoted intermediate first and second ends and
wherein said first end i1s connected to said actuating rod
of the linear actuator by a sliding connection, and said
second end of said pivot member engages said eddy
current detector assembly.

19. The probe of claim 18 wherein said second end of
said pivot member is connected to said eddy current
detector assembly through a lost motion connection.

20. The probe of claim 19 wherein said lost motion
connection comprises a slot in said eddy current detec-
tor assembly which is wider than said second end of said
pivot member.

21. The probe of claim 20 wherein said linear actuator

1S an electrical solenoid.
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